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Double -slit experiment with single photons
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Buildup of interference pattern from individual photon detections

& Fermilab

Sergei Nagaitsev | Two-photon interferometer

10/28/21

2



Angular intensity distribution

7 measured x-scans at
Simulation: different values of y

(far from the focal plane):

Photo:
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Parameters of the undulator in IOTA

Many thanks to our collaborators from SLAC for

Undulator radiation on the surface of the optical shuttg

L

Undulator:
A Number of periods: 0 p ®
A Undulator period length: _ v d | B
A Undulator parameter (peak): U p K,= ;Tm“c
A Fundamental of radiation: 1.1 um ’

. . @100MeV
A Second harmonic: visible light

2% Fermilab

4 10/28/21 Sergei Nagaitsev | Two-photon interferometer



Motivation

Quantum effects in undulator radiation:

1) quantized radiation
seeron ey (NOT€ than one photon can be emitted per pass)
2) quantum nature of an electron in a storag
nNgo0KS St SOGNBY 6 OS T«
measurable)

[Permanent magnets|

Single electron experiments in IOTA:

A Photon statistics (number/temporal distribution) (2020 -21)

A The difference in arrival times of the photons emitted in one
photon pair (tens of femtoseconds)

A Transverse correlation/entanglement can be tested with a 2D
array of single photon detectors
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Descri ption of single el et
In Quantum Electrodynamics

A Important parameter: electron recoil ... —— (inIOTA,.Dp )

A ..m 18t T, Dirac-Volkov model

(quantum electron + quantized radiation + classical undulator field)
Correlation, quantum entanglement
between photons is possible:

PHYSICAL REVIEW A 80, 053419 (2009)

Singlephoton emission:

k.’
P’

P

Correlated two-photon emission by transitions of Dirac-Volkov states
in intense laser fields: QED predictions

Two-photon emission:
Erik Lotstedt™
Max-Planck-Institut fiir Kernphysik, Postfach 103980, 69029 Heidelberg, Germany

ki ky ky
? I‘ié ¢+ r zéé v *would be observable at FAGHWith an optical undulator

A .Mm8imp Gl auberlosT Ades)d ela s (e
(classical electron + quantized radiation)

Coherent and Incoherent States of the Radiation Field*

Roy J. GLauBer
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachusells
(Received 29 April 1963)

A

( : : |
Poissonian
Photons are photostatistics

not correlated — -
OA®) (v)
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Experiments at VEPP -3 (BINP) 1 T. Shaftan at al. (1994 -97)
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Results of experiments

3unch: (courtesy T. Shaftan)
k- Distributions of intervals between photocounts from
PMT A and PMT B for different number of electrons
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Bunch of electrons-
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. i Time resolution

. - 2 electrons

- b

DELAY. 32NS / SCALE

Y2a2y ergel Nagarsev Two-photon interferometer

E

SELAY: 3



Conclusions (by T. Shaftan)

A For a large number of electrons we measure the density
distribution in the bunch (e,- eg events)

A For a few electrons we measure the distribution, dominated
by (e,- e, events)

A For a single electron the width of the distribution is equal to
the time resolution (~1 ns rms) of the meas. system A

A Correlation length of UR intensity for a single electron is
measured to be much shorter than the natural bunch length

A Interpretation: localization length of a single electron is
much shorter than the bunch length

A How short is the localization length?
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2018 workshop on
Single Electron experiments in IOTA

A https://indico.fnal.gov/event/18395/

A We concluded that we need to detect 2 photons within the
formation length

I Time resolution needs to improve: 1 ns A <10 fs

A This resolution is possible with a two-photon interferometer
I Resolution < optical wavelength is already achieved
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https://indico.fnal.gov/event/18395/

Mach-Zehnder interferometry of undulator radiation
A Interference of the photons in emitted photon pairs with two detectors

A IOTA Run 4 proposal

Double wedge

Detector

Beam splitter

Mirror

A Machi Zehnder interferometer: *light pulse length & TEEO
i Outputl: (94 | <« # «
I Output2: (94 < # )«
Measurement of the light pulse shape in time domain
3% Fermilab
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Design of the experiment with a  single electron

Picosecond event timer
(dead time < IOTA revolution period)
provided by GStancari

Record all events
IOTA for 20 sea 2 min

revolution
marker

Undulator

radiation

Focusing lens
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